The present work attempts to assess the land cover changes at watershed level and status of land degradation in Mithri Watershed lying in the semi-arid tracts of Western Rajasthan, using time series climate data and remote sensing data and GIS techniques. The study also has a strong field component in the form of village wise surveys to record observations on climatic changes, agriculture, socio-economic condition of the community, water availability etc. Integration of remote sensing technique along with climate data analysis and household surveys, Group discussion and Participatory rural appraisal (PRA) was conducted to record land use/land cover changes and its impact on socio-economic condition of the people. Degradation mapping of the area reveals that area is affected by forest degradation, scrub erosion and salinization. Anthropogenic factors like fuel wood and timber extraction, livestock grazing etc. are also responsible for forest degradation. People have shifted from cash crops such as cotton to maize, barley and cereal during the last two decades.
Introduction
Land degradation is one of the most serious global environmental issues which threaten world food security, resulting in adverse impact on agronomic productivity. Land degradation has a broad range of definitions that essentially describe circumstances of reduced biological productivity of the land [1] [2] .
Land degradation primarily relates to reduction in soil quality and quantity as an input to the production of agricultural crops. But there are also off-site effects, such as loss of watershed function [3] . In the context of productivity, land degradation results from a mismatch between land quality and land use [4] . Principal processes of land degradation include erosion by water and wind, chemical degradation (comprising acidification, salinization, fertility depletion, and decrease in cation retention capacity), physical degradation (comprising crusting, compaction, hard-setting etc.) and biological degradation (reduction in total and biomass carbon, and decline in land bio-diversity). In semi-arid regions, land-cover modifications, i.e. subtle changes that affect the character of the land cover without changing its overall classification, are common [5] .
In conjunction with socio-economic surveys and censuses, as well as other biophysical information gathering techniques, remote sensing provides a better understanding of land use/cover dynamics and the factors that drive them [6] - [12] . Aggregated to the village-level, household data offer an additional perspective to the remotely sensed land-cover dynamics. The village profiles provide a crosscheck on the dynamics observed by remote sensing, and can be related to remotely sensed landscape variables [13] [14] . Individual household data allow for a better understanding of the land-use practices of each village, as most land-use decisions are made by individuals and households. This can lead to assessments or scenarios of sustainability of land use and vulnerability (or resilience) of communities, based on models of human-environment interactions.
Time series remote sensing data coupled with household data aggregated at the village level allowed an examination of structural changes related to economic variables which were otherwise difficult to examine using cross-sectional analysis, whether it was household, village or spatial.
Several studies combined socioeconomic household survey data and remote sensing data to better understand processes of land-use change [15] - [18] . Socio-ecological analysis of desertification in the Mu-Us Sandy Land in China was carried out by comparing desertification images and GIS-based thematic data and examining socioeconomic factors through interviews with local people [19] . Attempt was made to assess vulnerability to desertification at village level in the Southern Region of Malawi (South Africa) and analysed main anthropic factors and trends of agro-system degradation [20] . Based on questionnaire surveys, it was analyzed the effective parameters on participation of farmers in plans to combat desertification in Taraznahid of Markazi State, Iran [21] . Characterization, quantification and localization of areas at risk of desertification by comparative analysis of land degradation at municipality level in Brazil were done, in the municipalities of Araripina in the State of Pernambuco, Crato and Barbalha, State of Ceará and Marcolândia State of Piauí [22] .
Case Study
It is estimated that about 32% of India's total land area is affected by land degradation and 25% of the geographical area is affected by desertification. About 69% of the country's land is drylands and degradation of this land has severe implications for the livelihood and food security of millions. Total area under land degradation is 105.48 mha. Area-wise Rajasthan, J&K, Gujarat and Maharashtra have high proportions of land undergoing degradation. 81.45 mha land area of the country is undergoing the process of desertification.
The present study focuses on land degradation in a Mithri watershed, of Pali district in western Rajasthan representing semi-arid climate regime. The study integrates the climate data, land use/land cover change, anthropogenic causes and socio-economic indicators as tools to assess the extent of land degradation. The study envisages assessing social and economic status of the local people vis-a-vis climate change. Satellite data analysis of 1998 and 2010 clearly demonstrates the LU/LC changes, which have taken place as a result of climatic changes and anthropogenic activities.
Study Site: Mithri Watershed, Pali District (Western Rajasthan)
The study area has been chosen keeping in view the scarcity of natural resource in terms of water biomass, and degradation of vegetation cover in response to climate change which has eventually affected the productivity of land. The area has been experiencing decline in rainfall and increased frequency of droughts that has adversely affected rain fed agriculture production in most areas and poses a threat to the survival and livelihood of the rural population. About 75% people are involved in agricultural activities, are worst affected, socio-economically land degradation.
Mithri watershed lies in south eastern part of Pali district located between 73˚16'02"and 73˚28'05"E longitude and 26˚13'29" and 26˚58'48"N latitude and covers an area of about 313 km² (Figure 1) . Digital Elevation Model (DEM) derived from ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer) data reveals that higher elevations ranging from (280 -1100 m) are encountered in the South-East part of watershed represented by Hills and Ridges. Slope varies from 0˚ to 47˚. Mithri River is ephemeral in nature and flows from south east to northwest direction. Northern part of the Watershed is represented by Alluvial plain and aeolian sands whereas southern part comprises hills and ridges. Forest covers almost 40% of the watershed, and remaining 60% non-forest area is under various land use/land cover categories. The watershed has agricultural land as the dominant land use and people largely depend on rainfed agriculture for their livelihood.
Data Sources & Methodology
Survey of India (SOI) topographic map 45 G/8 corresponding to, Pali district on 1:50,000 scale, was used for demarcation of watershed boundary taking slope, elevation and drainage flow directions as the basic inputs. Base map was prepared using relevant information on villages/town; elevation, contour lines, drainage network, major road and rail network were also extracted from the toposheets.
Standard The secondary information/data were collected and utilized wherever required for subsisting the current 
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Pali district study, which includes Published research papers, technical reports, special volumes and memoirs of Geological Society of India, and information from other government and non-government sources were consulted for the present study. Satellite data were visually interpreted using the photographic elements such as tone, texture, size, shape, pattern, association etc. for delineating various land use/land cover categories. Pre-field interpretation was verified during ground truthing verification and field inputs were incorporated wherever required. Land use/land cover maps were imported in ArcView GIS software for digitization, editing and spatial analysis, area computation and output. Change detection in land cover for the period 1998-2010 for Mithri was computed both, in square km as well as in percentage.
Structured questionnaire based household surveys at village level were conducted in eight villages of the Mithri watershed to assess various parameters of land degradation at landscape level. Information were recorded on variety of aspects related to socio-economic status, drinking water and fuel wood supply, crops grown and their output, source of irrigation, change in ground water level, shifts in crops, signs of land degradation and measures to control soil/water erosion and overall deterioration in natural resources. Apart from household surveys, Group discussion and Participatory rural appraisal (PRA) techniques were also adopted at village level to record the people's perceptions and their experiences in terms of changing climate, depletion of resources etc.
Results and Discussion
Climate data analysis
Pali district falls in semi-arid to arid climatic regime representing extremes, hot during summers and very cold during winter.
Temperature
The monthly temperature data for the period (1969-2008), were computed using "average growth rate formula" in R Software. It was divided into three seasons viz, winter (November, December, January & February), summer (March, April, May & October) and monsoon (June, July, August & September). The results computed for annual average maximum and minimum temperature show an increasing trend for average maximum temperatures and decreasing trend for average minimum temperatures. Maximum day time temperature in summer has increased by 0.04˚C, winter and monsoon has decreased 0.38˚C and 0.08 respectively. The minimum night temperature has shown a decline for summer and monsoon seasons by 0.28 and 0.39 respectively, and an increase for winter season by 0.42˚C. 1971, 1972, 1980, 1984, 1985, 1986, 1989, 1991, 1993, 1998, 2000 and 2004 , whereas mild drought years are 1976, 1982, 1983, 1995, 1999 and 2003. 
Rainfall
Land Use/Land Cover Analysis
The following land use/land cover categories are cultivated land, uncultivated land, dense forest, open forest, open scrub, wasteland, stone quarry, dry river channel, water body and built-up land. Forest has been classified into dense forest (greater than 40% canopy cover) and open forest (10% -40% canopy cover). Change in the a real extent of various land use/land cover categories is discussed under each land use/land cover category. Area statistics of land-cover categories have been calculated for the year 1998 and 2010 at watershed level and (Figure 3, Table 1 ) and at village level ( Table 2) .
Cultivated land Cultivated land is identified by their characteristic red tone, regular shape of the agricultural fields, association with the water bodies, etc. The crop lands are found well distributed throughout the foot hill zones and plain regions of the study area. Drought years led to decrease in cultivated land because of reduced net sown area. Cultivated land also suffered a setback because of lack of irrigation facilities since all the surface water dried up and water Dense Forest Dense forests have a characteristic dark red tone and dark green tone, smooth texture and are irregular in shape. In the study area, dense forest is present on the hill slopes in south-western part. Dense forest covers major part of the watershed in south west part. In 1998, it covered 90.09 km² (28.75%). In a span of another 12 years, it has decreased to 72.94 (23.87%) in 2010. The decrease in area under open forest can be attributed to anthropogenic activities, livestock pressure and change in climate. The generally high temperatures and low precipitation has led to the depletion of vegetation cover. Open forest has progressively become thinner and less continuous in the last decade because of anthropogenic activities including population pressure.
Villagers generally uses fuel wood for cooking purpose, and unrestricted cutting of wood is also responsible for forest depletion and degradation. Increase in the frequency of droughts, occurring once in three years now, has affected the land use/land cover of the area in every aspect, quantitively as well as qualitatively.
Open forest Open forest category can be identified from its dark red to medium red tone, irregular shape and medium texture. Open forests are found in western and northwestern areas and are associated with the areas nearer the dense forests. Open forest occupied 25.12 km 2 (8.13%) in 1998 which increased up to 32.74 km² (11.42%) in 2010. An increase of area under open forest by about 4.14 km² (2.58%) has been observed. This increase might be due to the loss in density (canopy cover) of dense forest which converted into open forest in due course of time because of decreased rainfall and anthropogenic activities.
Uncultivated land Uncultivated land is identified by light grey and dark greenish tone within cropped area (red color), regular shape and medium texture. In the study area, such fallow lands are to be found well distributed in the central and south-eastern portions. During field survey it was noted that much of the land which was under cultivation before 6 -7 years are lying barren because of decline in rainfall. Even if irrigation water is economically used, nearly 80% -90% of the arid area may not have access to water supply through irrigation. Area under uncultivated Open Scrub Open scrub is the characteristic land cover present in arid and semi-arid areas. Thin veneer of soil cover supports scrubs and grass or devoid of vegetation where surface erosion is dominant. These lands are subjected to degradation or erosion and consist mainly of thorny bushes. Such areas were identified from their yellowish tone and their association with uplands, and their irregular shapes. Open scrub has increased from 34.04 km² to 38.18 km² (3.41%) from 1998 to 2010. This increase in area under open scrub points towards land degradation occurring in the area as more of area has converted into unproductive land.
Open scrub has increased by 48.55 ha in Sadra, 37.94 ha in Lalrai, 5.84 ha in Gurha kalyansingh, 10.52 ha in Padarla, 66.90 ha in Mirgeshwar, 9.05 ha in Karanwa.
Water bodies and River channel Recurring droughts adversely affected the surface water resources. As the water resource in the region is dependent on the scanty and erratic rainfall, the duration of availability of water in water bodies gets drastically reduced in drought years. Mithri River has remained dry for the past 10 -11 years. Dry river channel area increased from 7.42 km² (2.36%) to 8.10km² (2.5%) from 1998 to 2010 period. Surface water body area also decreased to 0.70 km² (0.22%) because of drying up of a reservoir and other smaller surface water bodies.
The water features appear black in tone in the satellite imagery and dry river is white in tone. Area of dry River increased by 14.87 ha in Sadra, 10.59 ha in Padarla, 5.40 ha in Mirgeshwar and 2.39 ha in Biliya. Surface water body area decreased in 2010 because of drying up of check dam in the northern part of the watershed and other surface water bodies. Water body in Sadra decreased by 7.76 ha and the kot dam which comes under Lalrai got completely dry with a loss in of 91.95 ha surface water body in Lalrai village and 3.79 ha in Biliya village.
Other land cover/land use Built up area has increased from 2.67 km² (0.85) to 4.34 km² (1.38%), primarily due to growth in Bali town. Built-up land increased by 14.85 ha in Sadra, 11.05 ha in Lalrai, 1.50 ha in Gurha Kalyansingh, 5.03 ha in Padarala, 3.55 ha in Mirgeshwar, 3.03 ha in Biliya, 8.01 ha in Karanwa, indicating more demand for residential land due to growth in population.
Village Level Household Survey
Aggregated to the village-level, household data offer an additional perspective to the remotely sensed land-cover dynamics. The village profiles provide a crosscheck on the dynamics observed by remote sensing, and can be related to remotely sensed landscape variables [13] [23] . Individual household data allow for a better understanding of the land-use practices each village, as most land-use decisions are made by individuals and households. Only when the physical (land use/land cover change) study and the social (socio-economic survey), are analysed together, a more complete picture of the environmental change can be Land use at village level is thought to be the most integrated information on how people recognize, utilize, manage and govern land resources, and the most important basis of their livelihood systems [24] . The interaction between land cover/use change and livelihoods is an important theme for understanding the issue of rural poverty in human-environment relationships [25] .
To assess the impacts of land degradation on agriculture a household level survey was carried out in 8 villages of the watreshed, using structured questionnaires, besides group discussion and PRA were also conducted. The eight villages selected are Biliya, Ghura Kalyansingh, Padrala, Sadra, Lalrai, Doongli, Mirgeshwar, and Karanwa.
Socio-Economic Condition
Results of survey revealed the deteriorating condition of land/soil which has severely affected the rainfed agriculture. The prime reason of land degradation is the persistent decrease in rainfall as elaborated by the villagers and elderly farmers. The survey shows 95% of people are engaged in agriculture and related activities and casual labour for their livelihood. Remaining 5% has government service and took up some private jobs like driving, cooking etc. People from villages like Biliya (80%), Sadra (94%), Karanwa (64%), Lalrai (38%) depends heavily on livestock for livelihood, sell dairy products in nearby market and rear sheep's wool. The Average annual income of the people in the surveyed villages ranges from 35000 to little more than 45000. 19% of people have annual income less than 35000, 32% have annual income of 35000 -45000 and 49% falls in the income group more than 45000 ( Table 3) .
Agriculture: Facts and Figures
Most of the farmers are small and marginal who grow crops for self consumption. About 60% of the farmers possess agricultural lands that are rain fed. Many farmers though having large land holding size but due to limited quantity of water and poor yield in the tube wells they are only able to cultivate few hectares of their land, leaving large tracts of land at the mercy of nature. Common crops grown in the area comprise maize, green pea, sesame, sorghum bicolor, mustard seeds, black eyed pea and pearl millet which require less water. Wheat is grown where sufficient water is available for irrigation. Agriculture production in the villages has declined by 30% -40%, during the last two decades due to frequently occurring drought, decreased rainfall and gradually falling water table. Farmers having 50 -80 bighas of land are unable to produce good output due to unavailability of water for irrigation. The main sources of irrigation in the area are wells (47%), tube wells (47%) and tanks (6%). It was reported that 20 years back water table was at 60 -70 feet, now it has gone down to 170 feet; and in Biliya even up to 200 feet has been reported.
Survey found dozens of well have dried up, and people are unable to afford the cost of drilling the wells to greater depths. Only rich farmers have installed tube wells in their fields, and also reap the benefits of government subsidies. To arrest soil erosion, only 10% farmers practice bunding and contouring, rest 90% leave their land as such. Some farmers also told about the increase in level of sands in their fields. Besides, Desi babool (Acacia nilotica) there is widespread increase in Angrezi babool (Prospis Juliflora) and other cactus plant during the last two decades which is eating away the top layer of the soil. Problem of termite was reported from Sela village, where farmers complain that their produce is destroyed in the field if they leave it even for two days.
About 80% of farmers have reported decrease in fertility of soil in their fields because of low rainfall and no irrigation facilities. Other factors as reported include destruction of crops by Blue bull (Boselaphus tragocamelus) in Dungli and termites in Gurhakalyansingh.
Participatory rural appraisal (PRA) and Group discussion: Participatory Rural appraisal is an effective tool to elicit people's perception about an issue. PRA and group discussion were conducted at several villages during the survey and it was observed that farmers having 70 -80 bighas of land are unable to produce good output due to non-availability of water. Earlier people used to sell their extra produce, now they have to buy some quantities of food grain to fulfil their family needs. Farmers have now switched to crops which require less water like maize, moong, jowar, and raida, in place of cotton and gram.
People report of substantially decreased and erratic rainfall, and increased temperature. Ponds, river lets and dams have all dried up. Very few of the farmers have ensured their crops. On an average agriculture yield has decreased by 40%, but the people who could not avail the irrigation facility have reported decrease in yield of about less than half. 82% people hold responsible the decreasing rainfall for their reduced agriculture yields ( Table 4) . Other factors as reported include destruction of crops by Blue bull (Boselaphus tragocamelus) in Dungli and termites in Gurhakalyansingh. The natural fluctuation of the water table in the Pali region reflects the seasonal distribution of the rainfall. Depth of water level ranges from 60 in plain areas to 120 feet in hilly region, because of recurrence of drought and decline in rainfall in the last two decades water level has gone down to 50 -60 feet. People reported that 1990 year was a year of good rainfall (1231.6 mm) in the last two decades, during which ground water table rose upto 50 feet. Agriculture production has been good during the 1990-1996 period. Drought of moderate intensity occurred in 1999, followed by severe drought in 2002 and 2008. The year 2009 and 2010 were years of good rainfall, which has led to rise in water table and good crop production.
Soil degradation Surface reflectance of soil changes as a result of exposed lower horizon or deposition of alleviated material. There is a high correlation between soil reflectance and several properties such as mineralogy, organic matter content, moisture content, colour and soluble soil content [26] . The remote sensing data could be used efficiently in delineating areas affected by soil degradation.
Satellite Images of 1998 and 2010 show variations in spectral reflectance of various soil type and its degradation (Figure 4) . Kot reservoir (encircled with red colour) in 1998 image appears dark because of availability of water; the same Kot reservoir is seen dried-up in 2010 image and has almost vanished. Land adjacent to Kot dam also appears white because of alkalization of soil. Repeated use of underground water at deeper levels having high PPM of fluoride and continual use of DAP, urea, pesticide, insecticide in view of increasing the productivity of land has actually led to increased alkalization of cultivated land to more than pH of more than 8.5. Pockets of land/soil having bright white tone can be seen scattered in northern part and to the right bank of the dried Mithri River.
Ground water depth and its quality play an important role in salinization/alkalization of soils in arid and semi-arid areas; hence watertable depth, its salt concentration and composition are considered key elements in the appraisal, monitoring and amelioration of the salt-affected lands [27] .
In the arid and semi-arid regions, irrigation is necessary for agricultural production. Farmers are forced to extract water from deep wells with high salt content to irrigate their land. While excess water application may cause rising of water table, it can also cause increase of soil salinity. Because of erratic nature of rainfall farmers, have no alternative but to use low-quality water for irrigation, disregarding completely future consequences of likely soil salinity [28] .
Conclusions
Land use/land cover analysis of study area clearly reflects light on the ongoing land degradation because of de-creased rainfall and anthropogenic activities. Major changes that have been recorded include degradation of dense forest, conversion of cultivated land to uncultivated land owing to decline in rainfall and depletion of ground water resources, and increase in wasteland. The land degradation has consequently affected the socioeconomic condition of the people in villages badly. People are forced to stop cultivation in their agricultural land because of increased cost of irrigation, switching off to other crops of low economic value, and have to pay heavily for fertilizers and pesticides because of increased pest attacks. Some of the farmers have to migrate to other states in search of other means of livelihood.
Such kind of studies gives a deeper insight of the problem faced by the people living in such conditions. And unless informed of the problems, how can these be resolved and brought to the attention of the government?
